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1 
This. invention relates to apparatus for .con- 
trolling automatically flred heating installa- 
tions and, more particularly, fo such installations 
in which provisions have been included for 
forced circulation of the-heat exchanging me- 
dium. 
At the present time, automatically controlled 
oil-flred heating installations are widely em- 
ployed both in the domestic and commercial 
flelds. If was early round that when such a sys_- 
rem was employed in forced-air heating installa- 
tions the energization of the circulating fan si- 
multaneously with the energization of the burner 
motor resuited in the establishment of cold air 
flow from the warm air register. To avoid ob- 
jections raised to this characteristic of operation 
by the public, a temperature responsive switch 
was located within the furnace plenum which 
governed the operation of the circulating fan 
permitting such operation only when the phenum 
temperature exceeded a preset value. Most of 
these automatically flred heating installations 
were already provided with a combustion respon- 
sire circuit controller intended fo disable a siow 
acting safety swoEtch governing burner operatlon 
after combustion had been successfully and 
safely established. However, the operati0n of 
this switch continued fo be applied solely to the 
monitering of burner starting conditions while a 
second device was used for governing fan opera- 
tion. 
If is an object of the present invention fo pro- 
vide a burner, controlled system in which the 
combustion, safety monitoring mechanism also 
governs the operation of an associated circulator 
or circulation controlling device. 
 Still another object of the invention is to pro- 
vide .an improved heating system having an as- 
sociáted circulation controlling device with an 
improved arrangement for delaying the estab- 
lishment of circulation after the initiation of 
combustion and for delaying the interruption of 
circulation after the cessation of combustion. 
Other objects and advantages of the invention 
will in part be described and in part be obvious 
when the following speciflcation is read in con- 
junction with: 
 The.single figure drawing which is a schematic 
illustration of a system incorporating the inven- 
tion. 
Referring now fo the drawing, there is shown 
a hot air furnace 14 having a combustion cham- 
ber 16 surrounded by a heat exchanging duct 2 l. 
A burner 16 of the conventional gun type is situ- 
ated with the delivery end of the blast tube lo- 
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cated within the combustion chamber 
.to be Understood that the burner 16 bas associ- 
ated therewith a fuel supply tank and connecting 
lines forming no part of the invention Twhich 
5 have been omitted from the showing in the in- 
terest of simplicity. The burner 16 is provided 
with power input terminals 64 and 66 forener- 
 gizaton of the burner motor,.and the .combus- 
tible mixture at the delivery end of the blast 
10 tube is ignited by a pair of spaced electrodes 
situated adjacent thereto and connected to the 
terminals of the high voltage secondary of an ig- 
nition transformer 22 whose primary terminals 
90 and 92 are connected respectively to burner 
15 motor terminals 64 and 66, so that whenever-the 
burner 16 is energized an igniting spark or arc 
plays between electrodes 20. 
Electric power for the operation of the system 
is derived from the mains connections 
20 which are connected with the burner 16 and a 
fan moter 26 through a control unit 32 by con- 
nections fo be further described. 
The control unit 32 is conventionally a uni- 
tary article of manufacture separately assembled 
25 and sold to the person making the installation 
of the complete heating system. This control 
unit includes a mains terminal 70 connected to 
the mains lead 10 through a normally closedlimit 
switch 72 adapted fo open when some selected 
30 parameter of furnace operation deviates beyonl 
preset limits. In a hot air furnace, this param- 
eter may be the stack temperature,.while in á 
circulating hot water furnace it may also be the 
beiler water temperature. The mains terminal 
35 70 is connected within the control unit 32. by 
leads 74 and 75 with the movable contact 42 of 
a burner control relay 34. The burner control 
relay 34 is provided with an operating winding 
36 which, when energized, attracts movable conL 
40 tact 42 bringing if into engagement, with flxed 
contact 36 connected with the burner control 
terminal 60 which is linked by lead 62 Witti 
burner motor terminal 64. The energizing Cir- 
cuit for the burner motor 16 is completed by the 
45 lead 66 extending between burner motor termi- 
nal 66 and the mains lead 
The operating winding 36 of burner control 
relay 34 bas one lead connected with mains ter- 
minal 120 through a connecting line 122 and 
50 thence fo mains lead 12 via connection 12. The 
other end of operating windini 36 is-connected 
by lead l l6.with the operatingbimetal 60 of a 
safety swih 59: The operating bimetal 60 has. 
thermally associated herewith an actùating 
55 heater 62 whose connections and .0peration vfil 



be further described. The safety switch 55 fur- 
ther includes a compensating bimetal 64 an- 
chored af one end and free te move af the other. 
A conductive la|ch bar 65 is pivoted te the mer- 
able end of compensating bimetal 64 and biaied 
for clockwise rotation, but is normally restrained 
from such movement by the latching member 
located ch the free end.of operating bimetal 65. 
Energizati0n of actuating heater 62 deflects the 
operating bimetal 65 away from compensating 
bimetal 64 releasing the la|ch bar 65 which then 
snaps te the dashed line position indicated.at 6'. 
Because of the bias on la|ch bar 68, iL wil ! re- 
main in this position untit reset by a force sup- 
plied as indicated. 
The operation of the safety switch 59 and 
burner control relay 34 is influenced by the single- 
pole double-throw overlapping contacts 54, 56 and 
58 operatively associa|cal with the wlnding 48 of 
flame relay 46. The safety switch heater 62 
Cormected between thécompensating bimeal 64 
and the normalIy engaged flxéd contact 54. The 
movbIe contact  of flame i:elay 46.is linkéd with 
the thermosta terminal: 02 tbroUgh.the con- 
necting-lead I05, whilean alrntiv e .power cîr- 25 
cuit ex|ends frein nermalty dîsengaged fixed con- 
tact 8 through n0rmally open contacts 40 and 
-44 0fburner relay 4 and lead ! 16tothe .compen- 
sating bimetalG4. ' .Thus when burner relay 
and flame relay 46 :are simuItane0usiyenergîzed 30 
the heater Gl is disconnëcted and an enerlzing 
circuit ex|ends from thermoset termînal f02 
t.hrough leadf06 contacts 5 58, lea d tl2, con- 
tacts 4 and-44, ]ead |fS, safety sitch 58-and 
lead -||8: te- 0perating inding 
through Iead |, mains têrmïna [5 and tend 
  4 te the power main |  - " 
. The operating windin 8 Of the tiare e reIay 
iS onnectedfia combustion monîtor tennnaI 
through lead 6-and wîth mains termînsl 
through lead |- In additîon te the earlïer-re- 
cited flame rela# contacts, there ls lso.present 
a normally open -contat pair 5,-  connected 
with the circuIator controllerterminaiS t 4 and 
4 shown connectC in parallel with a limiting 
inductance f8. The fan  has one power input 
terminal | connected with power maîn t and 
anotherpower input termina/ t40 connected te 
the power mainlQthrougt the ttmlting in- 
ductance |8 and lead I. When the flame 50 
elaY 46 is energized, OEe cui acros the limit- 
ing inductance |28 is closed, removing this im- 
pedance frein the circuit te permit full speed 
operation of the fan. 
The operation  of the flame relay 46 is con- 
tolIet by tenerature resp0nsive resistor 24 
located within the combnsti0n 
adjacent the inner end.of the humer làlast tube. 
This resistor maybe a semi-conductor consistin 
essentialty o£  a fied mixture o£bail clay and 
ferric oxide and characteize4EE by elatively low 
resistance in the pesence of the high temper- 
atures accompaning combustion whil present- 
ing substantiatly ar olen circuit a normal 
ambient temperatures; The resistor 24, has one 
terminal connected with-the power main 
thugh leads126 and t30, while its other ter- 
minal is linked by tea4 i 32 with-combustion mon- 
itortenninal, i 34,   
. The con|tel unit 32 is lrovided 
thermostat teminals 94 and IG2 connected re- 
spetively with mains-terminal 20 and movable 
contact 56of flame relay 4ç, Opeation of 
«ve-alt system is mder th contre1 of a-t,ermo- 
stat 8 conne¢ted tu thermostat, terminal 941 
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through a lead $6 and. having aoclated, there- 
with a contact I00 connecd with theostat 
inal I 2 through the line I . 
Opato 
5 
It will be noted that ere is a permanentiy 
connected power supply or the fart 28 tough 
the limiting reacr [28. s rcr may be 
lobated exally of the Control'u as illusat- 
ed in the angs or, where the circular mor 
reqres but low power, may be mound on the 
co|rot unit ielf. The crent normay pass- 
ing through the inductance 128 operates the fart 
 a a pretermined minimum speed with a re- 
sting Constantïintake of air af the return iet 
. e hermostat S8 is located adjacent the 
retn register  and respends  the temper- 
ate of the retum air, wch is incative of the 
temperature of the space whose condition is beg 
controlled. Upon reaching a predeteined 
minimum tempeature, contact I iseaged 
completing the foowi eneggizing circuit for 
burner relaF : masiead I limît swih- 
mains rminat , coecti0n , theost 
teminal 94, lead 96,-theost98 contact 
line I , thermostat teminal I 2, lead I 6,- 
tt conct 6, back contac , heater  com- 
pensatin bimetat 6, Iatch bar 8, operating bi- 
me|ai G0, Iead I lB, perating wn 36, lead !22, 
mai rmal 120 and d f24 tomai lead 
12. s çulls in the contac of bner re]ay 
34, closin the followin toper, circui te the 
burner mor 18: mai lead t0, m*t switch 72, 
mains terminal?0, leads T4, 25, contact 42, 
tact 38, humer control terminal 80, ine 82, buter 
termJna 84 an 06, ad le Se  mains ead 
f2. Thîs sers th urner ïn oçeratioçhe 
tivered-combüstible sray being Igted by the 
sçar schare across e2ectrodes 20. Since e 
combustion sensg resistor. 24 reuires an  
recable rime te heat up, however, the flame 
relay 4ç remains dê-energze fo r a t,me. 
A the same time that the buter con reay 
34 closes the energzlng cîrcuit for buter mor 
18, an aux*lia çower ccuit for the ber con- 
oI relay is paty set-up throuh:ontac 40 
and 44.  îs cioe extens frein comati 
betal 64 töuh lead t J G, conoEcts 40; 44 and 
lead I 12 te the fronC contct 58 of the :slngle-çole 
double-throw stch assembly on flame rela 4G. 
Since the contact 58 is af t time sengaged, 
the auxiliary power clct does no| ai once 
fluence the operaon o the system. hen e 
ressr 24 has attid a sciently high 
5 temperare, the cnen  flow :throug me rc- 
lay 46 reaches the opetin value and actifs 
the associating contacts. This coses contact. 56 
and 58 wle sengaging contact 54 in an over- 
lapping manner. e circuit through the 
0 sistor 62 has new been interçted and an alr- 
native circuit c2osed extending frein heostat 
rminal i02 through lead 106, conoEc 56, 56, 
lead if2, contacts 40, 44 and ]eaoE li.6 tu e 
compensating bime 64, and ence tough OEe 
65 operating winding of bner contol e .4 
maintain this reIay energized. At the sametime 
contac 50, 52 close, short-circu the 
inductance J 2  te petit oçeration of the f 
ai fl sueed. 
7 Oçeration of the buter mor 18 contu - 
t the theostat 98 . saed, t hich time 
the ermostat teinal, i02 is dlsconnected af 
the theostat frein the çower suççly te 
energiz humer contt retay 4 and 
75 burne oçeration, Sîmnt oçeng 
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tacts 40 and 4. The opening of the thermostat, 
however, is without effect on the combustion 
sensing energizing circuit for the haine relay 46, 
which remains in energized condition holding the 
contacts 66 and 62 closed to maintain the fart 26 
at full operating speed until the furnace bas 
cooled, after which the increase in resistance of 
combustion sensing resistor 24 diminishes the 
current through the operating winding 48 oî 
haine relay 46 below ifs holding value, dropping 
out contacts 66 and 62 to return the fart 28 te 
slow sPeed operation. 
In the event that combustion is hot established, 
flame relay 46 is hot energized, whereby the op- 
erating current for burner control relay 34 con- 
tinues to flow through the safety switch heater 
62, warping the operating bimetal 66 away from 
compensating blmetal 64 to release the latch bar 
66 and open the safety switch. 
Should combustion rail during a normal op. 
erating cycle, the resistor 24 will increase in 
value ultimately causing the drop-out of haine 
relay 46 fo restore the flow of operating current 
for burner control relay 34 through safety switch 
heater 62 which, after a predetermined rime, 
again actuates the safety switch 68 fo open circuit 
position. 
Should the heater 62 be burned out, the system 
cannot be placed in operation, since the starting 
circuit extnds therethrough. If is thus fail-saïe 
in this respect. 
If the furnace temperature becomes too high, 
limit swich 72 opens, de-energizing the burner 
control relay 4 to discontinue burner opeïation. 
However, the fan and combustion sensing circuits 
are connected to the power mains independentiy 
of limit switch 72, whereby flame relay 46 re- 
mains energized, holding the high-speed fan cir- 
cuit closed fo assist in cooling the fm'nace. 
Should the thermostat be manually actuated 
to open circuit and then again fo closed circuit 
position during a normal operating cycle, the 
burner will hot be immediately restored fo opera- 
tion because the flame ïelay 46 remains ener- 
gized, holding movable contact 66 in engagement. 
with front contact 68, and out of engagement 
with back contact 64. Drop-out of the burner 
control relay $4 opens the auxfliary contacts 40, 
44 so that when power is ïe-applied theïe is no 
longer any circuit for the operating current oZ 
burner control relay $4. It cannot flow through 
the safety switch heater 02 because this ch-cuit 
is open at contact 4, and it cannot flow through 
the auxiliary power circuit fo compensating bi- 
metal 4 because this circuit bas been opened ai 
contacts 46, 44. Not until the combustion cham 
ber has cooled suflicientiy to dïop out the haine 
ïelay 46 will anotheï opeïating cycle be initiated, 
Dangeïous "puffs" are theïeby eliminated. 
The foïegoing has ruade the essence of the in- 
vention clear and there will be apparent fo those 
skilled in the art many modifications and applica- 
tions which do hot distinguish substantially 
therefrom. 
What is claimed and desired fo be secured by 
United States Letters Patent is: 
I. In combination, heating apparatus includ 
ing a combustion chamber and a heat transïer 
medium ch'culating system having delivery and 
return vents, said medium circulating system 
being in heat exchange relakionship with said 
combustion chamber, a thermally responsive 
switch adjacent said return vent, an electrically 
operable burner, a thermistor thermally aSs0çi 

6 
ated with said combustion chamber, a limit 
switch, a burner control relay connecting said 
burner with a power supply, said burner relay 
having an energizable coil, a safety switch con- 
5 necting said burner relay cofl with" said power 
supply through said limit switch and said return 
vent circuit controller, an electric actuator for 
said safety switch receiving energy, through said 
burner relay coil, an electric motor driven fart 
lO moving said medin between said return and de- 
livery vents and connected with said power sup- 
ply through a circuit normally energizing said 
motor for relatively low speed operation, a flame 
relay having an operating winding connected 
1 with said power supply and with said thermistor 
associated with said combustion chamber, a set 
of flame relay controlled contacts disabling said 
safety switch actuator in the presence of com- 
bustion in said chamber, and means completing 
20 a high speed power circuit to said motor when 
said safety switch actuator is disabled. 
2. In combination, an electrically opeïable 
burner, a combustion chamber having a heat 
transfer medium in heat exchange relationship 
25 therewith, an electric fart for cfl-culating said 
heat transfer medium, a burner control relay 
having an energizing coil, a pair of electrical con- 
ductors connected fo a source of electric energy, 
a normally conductive limit switch becoming non- 
30 conductive when a selected condition varies be- 
yond a pïedetermined range, a normally closed 
safety switch, an electrically responsive actuator 
for opening said safety switch after a pre-deter- 
mined interval of current flow through said ac- 
35 tuator, a flame relay having an energizing coil, a 
first normally closed switch and a second and a 
third normally open switch, said last-named 
switches being controlled by said flame relay and 
 opening and closing, respectively, upon energiza- 
40 tion of said flame relay, a thermistor associated 
with said combustion chamber, said thermistor 
and said flame relay coil being connected in series 
across said pair of conductors, said thermistor 
permitting an energizing cmïent fo flow through 
45 sald flame relay coil in response to flame in said 
combustion chamber, a flrst power circuit con- 
nected across said pair of conductors through said 
limit switch and including said burner relay coil, 
said safety switch, said actuator and said flrst 
50 normally closed switch, a second power circuit 
connected across said pair of conductors through 
said limit switch and including said burner relay 
cofl, said safety switch, and said second noïmally 
open switch, and a fan energizing circuit con 
55 nected across said pair of conductors independ- 
entiy of said limit switch, said last-named cir- 
cuit including a cum-ent limiting device shunted 
by said thh'd normally open switch. 
3. The combination defined in claire 2, wheïein 
6o a thermally responsive switch is included in said 
flrst and second power circuits. 
PAUL G. FRERER. 
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